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A MODALITY-SPECIFIC NEUROMAGNETIC P3

J.D. Lewine, S.B.W. Roeder, M.T, Oakley, D.L. Arthur, C.J. Aine, J.S. George
and E.R. Flynn

Neuromagnelism laboratory, Mall SIop M71 5, Los Alamos National Laboratow,
Us Alamos, New Mexico, 87545

INTRODUCTION:

Several studies indicale Ihal in cases of psychopathology and almfwhsrn the amphlude
andor Ialency of endogenous, scalp-recorded P3 polcnllals elicllcd by rare evenls are
abnormal (e.g., Roth et al., 1980: Polich, 1984). The P3 complex may normally be a
valuable index of the brain’s workload (see Donchln and Coles, 198B for a dalallcd
discussion of the psychological correlates of P3) and Iden!lflcalton of lhe neural
CJt?fItYalOr(S) of Ihls Iato posIIIvt? comp3nenl woLJld thus provldo vn’!;ahlf? Insqht mlo the
substrates of both normal and abnormal Information processes.

Okada and his COllPaCl(JI?shavo rocorrlt’d mmanullc held Cr?rr[?lnlos of P3 poh?ntlals
evoked by vtsual and audllory sllmull (Okada. 19E13) Data from a m;ipplnq study of a
vmuaily ev~hed magr!etic P3 were consistent wifh a h!ppocampal sourc(!, bul altt?mpfs 10
Iocahze Ihe genmafor(s) of lhe audlfory maqn[!llc P3 w(!re unsuccessful In m} f!ffort to
mdependenlly confirm, exlend, and clarify Ihr?so results, the surfactl Iopoqraphlcs of
magnollc P3.llke complexes evokod durlnq fh(? p~rformanco of iludllory and vIsual

dclucllon Iiisks wei~ cxammed

METHODS:



participated in 1-2 dcwar placerncnls per 1-2 hr lest scsslon.

By comparing physiological activity evoked by prvscnlalmn of counted, target
.- - slimuli in +he IWO probability conditions within +ach modalily, il. was possible lo-

idenlify those mmponents of the P3 comple; specifically associated with the probability
manipulation, uncomplicated by a comparis~n
1000 versus 3000 Hz Iones) or task cmrdilions

RESULTS:

Each of nine subjecls demonstrated a clear

“across pllysicnlly dllferenl sltmuli (e.g.,
(counted versus not counted).

probablh!y dqwmjenl mampulahon of the
amplilude of the evoked electrical and magnetic P3 components. However, for four
additional subjecls for which only Iell hemisphere data werr! ob:am[!d. a neuromagnellc
P3 could nol be identified. In three of these inslances the cleclrlcal P3 complex was
absenl, of low amplitude, or of unstable amplitude across lest sessions, but, in lhc
fourlh inslance, a magnelic P3 was absent despile the cxlslcncc ot robust and slabh?
electrical P3 responses.

When present, Ihe audito~ magnetic and eleclllcal P3 components had peak Ia!encws
between 200.330 msec. In the visual mocklily Ihe P3 complex had a peak Ialency
belween 380.450 msec. Figure 1 provides examples of one subject’s averagt?d
electrical ~lenlial and magnelic field waveforms as evoked by Iargel audlcry and visual
slimuli. Nole Ihat ai Ihe P3 latency, as identified in the l’icctrmnl dhfcrence wave (20”/0
probability . 80% probabi!:iy), a polarily reversal of II1O evoki?d Iiclds occurred
between Iht! presenled MEG si[es. Figure 2 provides uxamph?, ISO fwld contour maps
based upon difference. waves. The presenled maps aro for !III! “Ilmu SlICI!S-
corres~nding 10 Itle peak Of Ihal subjecl”s clec[rical P:] Allhouqt~ lso. !wld patterns
were high!y Indwldualized, Ileld exlrema were mvarlnhly r,i?pflr;]l@d by 1024 cm (arc
Icnglh]. Also, audllory and wsual pallerns for the same sut)j{>cl woro always chfh?rcnl
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DISCUSSION



9“ responsible for generation of [he P3 complex identified here. Thi~ hippocampal
inlprprelalion is mnsistenl wIlh the magneltc field dala of Okada and colleagues and also

●

consistent wilh invasive intracranial data, oblained by both UCLA and Yale research
groups (Halgren et al., 1986; McCarthy et al., 1989), whlcll Indlcale ilmbic gencrdllon
of large ampll[ude (100.200 uV) P3-llke ileld polenllals.

Gn the c:!:cr hand, a hippocampal in!c?prelaflon of Itlc c]:rf>n! C!G:.A rI’L:r: F( 1,11.G.(:~

with caulion. We currently lack mdwidual magnetic resonance Images of the brains of
our subjects so Ihe atlempl to map our functional data within a specihc neuroanalomical
framework is somewhat premature, Secondly, ihe Yale group (McCarlhy et al., 1989)
has failed 10 demonstrate any modality specificity in the spatial gradienl of P3-like.
inlracranially recorded Iimbic field polenlials, a resull Ihal is inconsistent wilh the
currenl magnetic dafa. Thirdly, and of equal import, the large separation Of Ileld
extrema could reflect extended and/or mulliple shallow sources ralher than deep
sources.

A final nole of caution concerns the generaliza~ility of these results. The magnchc P3
component described here has been characlertzcd on the ba~is of a very Ilmiled
functional manipu;alion (stimulus probability). Given lhe currenl data base, any
suggestion [hal Ihe generators 01 Ibis P3 componenl WIII be idenlical to Ihe generators of
P3 complexes identified via other experimental prclocols and manipulations is
completely unwarranted. Also, the description of the generators of the observed
magnetic P3 is likely 10 provide only Itmited insight inlo the nalure of the generators of
Ihe electrical P3. In one case a neuromagnetlc P3 complex could nol be idenlifmd wcn
lhough concurrently measured polenlial data indlcaled the exmlence of a robusl arm
slablu electrical P3 complex. This suggests Ihal the electrical response reflects
generators beyond Ihose coniributlng 10 the magnellc response andor lhal the
generators of Ihe electrical response can be unfavorably orwnled for identlflcatlon wn
lhe employed magnetoencephalographlc Iechmques. Neverlht!less, Itw dala sugqes! that
magncloencephalography can serve as a non-mvasivc 100 I for the analysls of the
Iunctlonal organization of medial Icrnpora! brain structures.
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